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4. Telegraph and telephone transmission. 16. Engineering research.
5. Design of circuits. There are details associated with each of these items
6. Specifications and tests for construction and which are peculiar to the application on the railroads.

maintenance material. Only general subjects are given and could be amplified
7. Electrolysis of underground structures. appreciably, as will be obvious to one familiar with
8. Inductive interference.
Q. Telegraph and telephone traffic. telegraph and telephone problems.
10. Accounting and estimating. If more specific information is desired on any of the
11. Preservative treatment of woods and metals. above subjects it can be obtained from the Secretary
12. Radio and wire carrier systems. of the Telegraph and Telephone Section of the Ameri-
13. Contracts and patents. can Railway Association.
14. Electrical protection. .c s

15. Wire testing, maintenance and service res- Discussion
toration. For discussion of this paper see note, page 639.
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Some fundamental requirements in the character of a successful engineer as a man and as an engineer are out-
lined, together with considerations of the school and the instructor to produce and train such a character. Some ideal
accomplishments to be attained are pointed out.

HE requirements for character in an engineer are who do the same job equally well from the viewpoint
T two-fold, first as a man and second as an engineer. of physical results, he is the greatest who accomplishes

The motto which should hang before every it at the least outlay of money or physical resources;
worker in every line of work is this; "First, be a man", character to cooperate to the fullest extent with one's
with the accent on the first and last words. The fellow workmen when joined with them to do a job,
fundamental requirements for manhood in engineering regardless of temperamental incompatibility or per-
are the same as for all professions and may briefly be sonal likes and dislikes; tenacity of purpose-never
touched upon as follows; absolute honesty, first with to be a "quitter" but to stick to it always and put the
one's self and then with others; sincerity in one's work, job across quickly if possible but surely in any event;
remembering that whatever is worth doing is worth open mindedness to acknowledge personal error when
doing well; courage to put one's ideas across in the face plainly proved and to start anew without prejudice
of influential opposition and courage to accept the re- on the right basis.
sults of one's errors and build anew, courage to "keep To anyone considering this matter there will appear
your head when all about you are losing theirs and other and perhaps more essential qualities, but these are
blaming it on you"; self control in all things, especially sufficient to show the necessity for a strong character
one's temper; self control of the ego, thereby keeping in an engineer. The next question is how shall this
a sense of proportion as to one's real place in tne world character be trained. The two fundamental require-
and preventing selfishness, tactlessness, discourtesy to ments are the right institution and the right instructor.
others and a long train of ills; charity in judging men, No time will be taken here to discuss the relative
recognizing that the heart and real intent are what merits of the exclusively technical school as against
count and not accidental circumstance; respect for the college or university. Men of character graduate
the highest ideal of manhood and man's work in the from both, and the humblest schools can claim alumni
world, based first, last and all the time on service- who shine as bright stars in the engineering firmament.
service to God, man and country. But the ideals of the institution must be right. It
The special requirements for character as an engi- must regard engineering as one of the learned pro-

neer might be sketched in this way; a fundamental fessions, and as such must not be satisfied with any
sense of fairness, never letting one's judgment be less degree of scholarly attainment in its engineering
warped by one's feelings; never distorting physical faculty than in its divinity or law or medical school.
facts as shown by tests, to fit a theory instead of At the same time, since engineering is intensely prac-
making the theory fit the facts; generosity in recog- tical, it should have on its faculty men who have made
nizing the good work of others and giving full credit to good themselves in the practise of the engineering
them and sharing their pleasure in it; recognition at all profession, who, by their attainments as well as their
times of the commercial side of engineering, remember- ability can command doubly the respect of students.
ing that "an engineer is one who adapts the forces of Since these specifications for instructors are high, the
nature to the uses of man" and that of two engineers institution must be prepared and ready to pay a com-
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mensurate salary. It should not make the mistake the best possible teacher of engineering. While he has
now so regrettably common of employing a high grade himself practised engineering, he must limit his out-
man as instructor at a salary below his commercial side consulting work to an amount necessary to keep
value and expecting him to carry on a lucrative private his hand in and to serve as texts for his lectures and
practise as a side issue so that he can afford the sacri- laboratory work and not use it as a primary means of
fice of teaching. subsistence. He must be vitally interested in young
One more thing that the institution should not do men and interested in all their phases and problems,

if it would preserve the respect necessary to inculcate capable of advising on human questions of all sorts.
character in the youth is to carry on commercial re- He must establish a personal contact that exists be-
search or similar work where the facilities of the school yond the class room and he must use that contact to
become the source of private profit to outside indi- instill the fundamentals of character while he instills
viduals or to the investigator inside the school. Par- the fundamentals of mathematics and other subjects
ticularly is this true of institutions supported directly in the curriculum.
by the state. Wide open publicity as to the result of If the school is right and the instructor is right and
all investigations and payment made by the client to the the student does his part, we shall have an outstanding
school and by the school to the investigator is the only race of engineers whose word is good as their bond,
safe course to keep the atmosphere clear and conducive who bring to their work an enthusiasm that glorifies
to the best ethical ideals which make for character. both the work and the worker, who accept praise
As to the instructor, it is realized his personality and and blame with a level head and a steady hand, who

his attitude to his work are the greatest single element take suggestions and ideas from the humblest sources
in the training of his students in all ways. One of our and develop them into real engineering, who give
great men has said that his idea of a university was a credit where credit Is due, who carry their message to
log with a student sitting on one end and Mark Hop- Garcia and hang on to the job till it's done, who worry
kins sitting on the other. To be a great success the more about the work they are doing than the pay they
instructor must be many things which are achieved are getting, who know that a "man's a man for a' that
only after a struggle with human nature. He must be and a' that," and whose personal conception of char-
unselfish and self sacrificing. He must be so sure acter blooms into two great requisites for human
that the building of men is the greatest profession in happiness-good health and the spirit of service.
the world that he will be willing to accept his salary as Discussion
a teacher and bend his entire energies toward becoming For discussion of this paper see note, page 639.
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The author considers the first requisite of college training to be a thorough drilling in the fundamentals in physics.
A student who is well grounded in the fundamentals is in the best position subsequently to acquire a knowledge of details.

The student's most useful tool to work with is mathematics, but this should be taught to engineers by one who con-
siders it an engineer's tool, and not a source of amusement. All the mathematical results should convey as clear a quan-
titative meaning to the engineer as numbers do when they represent an amount of money.

A third requisite is the use of mental exercises to develop mental strength. The student should be disciplined by
mental exercises in the form of problems which should have some practical significance, so as to show the utility of the
mental process, thereby developing interest.

Today is the era of specialists; even electrical engineering, as one subdivision of engineering, is again subdivided
into so many branches that a student should either make a choice between them, at least in his last college year, or take
a special post-graduate course. Different colleges would do well to specialize on different subjects, especially in their
post-graduate coulrses. The writer has urged that at a time when a student must choose his vocation he has little knowl-
edge of what his choice involves, and it is suggested that the regular college courses should include lectures describing
the different vo0cations, the natu4re of the work involved in each of them, and the prospects of advantcement, salaries, etc.
Success in teaching can be measured by the interest that the teaching cavn develop in the minds of the students.

It is a mistake to keep the able students back to the level of the poorest in the class. The brightest stu>dents should
be given every possible opportunity to advance.

tTHE college education of an engineer should be a foundation is bed rock, it will support any super-
Tconsidered to be analogous to the foundations of a structure that may later be decided upon.

buildingonwhich a superstructure is subsequently The foundations of an engineering education are
to be erected, rather than to the superstructure. When the fundamentals in physics, that is, the laws of nature


